The popularity of traditional herbal medicine (THM) being used as complementary medicines or alternative medicines is increasing. On the other hand, the development of multidrug resistance (MDR) remains a major hurdle to successful cancer chemotherapy. Some THMs capable of reversing MDR may contribute to the improvement of clinical outcomes in cancer chemotherapy. Herein, 19 kinds of herb were chosen from the ingredients of major THMs, and their effects on the sensitivity to anticancer drugs of tumor cells were investigated using the human cervical carcinoma HeLa cells. Focusing on the major mechanism for MDR, i.e., MDR1/P-glycoprotein, the effects of herbal extracts on its transport function were also examined using a MDR1 substrate Rhodamine123. Glycyrrhizae Radix, Rhei Rhizoma, Scutellariae Radix, Poria, Zizyphi Fructus, Zingiberis Rhizoma (dry), Coptidis Rhizoma, Ephedrae Herba and Asiasari Radix significantly enhanced the sensitivity to a MDR1 substrate paclitaxel, whereas none of the herbal extracts used had any effect on the sensitivity to 5-fluorouracil, which is not a substrate for MDR1. Rhodamine123 uptake was significantly increased by Rhei Rhizoma, Poria or Ephedrae Herba among nine herbal extracts sensitized to paclitaxel. This suggests that the increase in paclitaxel sensitivity by Glycyrrhizae Radix, Rhei Rhizoma, Poria or Ephedrae Herba was caused, in part, by the inhibition of MDR1 function, and the change in paclitaxel sensitivity by the other herbal extracts was not always dependent on this. Collectively, these findings indicate that the combination of anticancer drugs with some herbal extracts contributes to the enhancement of clinical outcomes in cancer chemotherapy.
Recently, the popularity of traditional herbal medicine (THM) being used clinically as complementary medicine or alternative medicine is increasing. 1, 2) As well as this increase in popularity of THM in clinical situations, the co-administration of THM and drugs (manufactured chemicals) has also increased remarkably. Especially in cancer chemotherapy, it is true that the incidence of co-administration of THM and anticancer drugs is high.
3) However, there is little information about the effects of THMs on the action of anticancer drugs, but many patients are exposed instead to an intensive bombardment by the information coming from the sources of socalled complementary medicine or alternative medicine.
On the other hand, the development of multidrug resistance (MDR) to anticancer drugs remains a major hurdle to successful cancer chemotherapy. 4, 5) Although the cellular basis underlying MDR is not fully understood, several factors have been identified. 6, 7) These include down-regulation of uptake, induction of the efflux system (MDR1/P-glycoprotein etc.), induction of inactivation enzymes (glutathione-S-transferase etc.), alteration of the targeted molecule (topoisomerase etc.), changes in DNA repair processes, alteration of the apoptotic mechanism (p53 mutation, bcl-2 overexpression etc.). The overexpression of MDR1/P-glycoprotein in tumor cells is known to be one of the best-characterized mechanisms of MDR. 5, 6) The final goal of our research is to introduce a means of reversing MDR. If some THMs are capable of reversing MDR, these may contribute to the improvement of clinical outcomes in cancer chemotherapy. Therefore, in the beginning, it is necessary to examine the effects of major THMs on the sensitivity to anticancer drugs of tumor cells. This may create a base for providing both patients and doctors as well with warnings and a valuable information, respectively.
In this study, nineteen kinds of herbs were chosen from the ingredients of major THMs, and their effects on the sensitivity to anticancer drugs of tumor cells were investigated using the human cervical carcinoma cell line HeLa. Focusing on the major mechanism for MDR, i.e., MDR1, the effects of herbal extracts on its transport function were also examined using Rhodamine123, which is a MDR1 substrate. ) were seeded into culture flasks, and grown in a humidified atmosphere of 5% CO 2 -95% air at 37°C, and subcultured with 0.05% trypsin-0.02% EDTA (Invitrogen).
MATERIALS AND METHODS

Chemicals
WST-1 Colorimetric Assay The effects of herbal extracts on the growth of HeLa cells were evaluated by WST-1 assay. 8, 9) Cells (1000 cells/well) were seeded into 96-well plates in 100 ml of culture medium without any drugs. After a 24 h pre-culture, the medium was aspirated off, and exchanged for that containing test herbal extracts at various concentrations. After incubation for 72 h at 37°C, the culture medium was exchanged for 110 ml of that containing WST-1 reagent (10 ml WST-1ϩ100 ml culture medium); 3 h later, the absorbance was determined at 450 nm with a reference wavelength of 630 nm using a Spectra Fluor microplate reader (Tecan Switzerland, Switzerland).
The cytotoxicity of anticancer drugs in HeLa cells was also evaluated by WST-1 assay. Cells were pre-cultured for 24 h in the same manner as mentioned above. Then, the medium was aspirated off and exchanged for that containing paclitaxel or 5-fluorouracil at various concentrations without or with herbal extracts. After incubation for 72 h at 37°C, the culture medium was exchanged for 110 ml of that containing WST-1 and the absorbance was measured in the same manner as mentioned above.
The 50% growth inhibitory concentration (IC 50 ) of herbal extracts or anticancer drugs was estimated according to the sigmoid inhibitory effect model,
g )], using the nonlinear least-squares fitting method (Solver, Microsoft ® Excel 2001 for Macintosh). E and E max represent the surviving fraction (% of control) and its maximum, respectively; C and g represent the concentration in the medium and the sigmoidicity factor, respectively.
Uptake of Rhodamine123
In the uptake experiments, HeLa cells (2ϫ10 5 cells) were seeded into 24-well plates in 1 ml/well of culture medium, and incubated for 48 h in a humidified atmosphere of 5% CO 2 -95% air at 37°C. 10, 11) After pre-culture, the uptake experiments were started by the addition of fresh Hanks' balanced salt solution (HBSS; 137 mM NaCl, 5.4 mM KCl, 1.3 mM CaCl 2 , 0.4 mM MgSO 4 , 0.5 mM MgCl 2 , 0.3 mM Na 2 HPO 4 , 0.4 mM KH 2 PO 4 , 4.2 mM NaHCO 3 , 5.6 mM Glucose, 0.06 mM phenol red and 25 mM HEPES) containing 10 mM Rhodamine123, and further incubated for 60 min at 37°C. Uptake experiments were stopped by aspiration of HBSS from the well, followed by washing three times with ice-cold phosphate buffered saline (PBS; 137 mM NaCl, 2.7 mM KCl, 1.5 mM KH 2 PO 4 , 8.1 mM NaHPO 4 ). After stopping the uptake experiments, cells were solubilized with 1 ml of 0.3 M NaOH, and the aliquots (500 ml) were neutralized with 500 ml of 0.3 M HCl. Aliquots (200 ml) of the neutralized cell lysate solution were transferred to 96-well black plates, and the fluorescence intensity of Rhodamine123 was measured with an excitation wavelength of 485 nm and emission wavelength of 535 nm using the Spectra Fluor (Tecan). Protein content was determined by the Lowry method, 12) and bovine serum albumin was used as the standard.
Statistical Analysis Comparisons among more than three groups were performed by non-repeated one-way analysis of variance (ANOVA) followed by Dunnett's test, and p values of less than 0.05 (two-tailed) were considered significant.
RESULTS
Effects of Herbal Extracts on the Growth of HeLa Cells
The cell growth of HeLa was suppressed concentration dependently by 8 kinds of herbal extracts, i.e., Glycyrrhizae Radix, Scutellariae Radix, Zingiberis Rhizoma (dry), Zanthoxyli Fructus, Coptidis Rhizoma, Rehmanniae Radix, Ephedrae Herba and Artemisiae Capillaris Flos (Fig. 1) . The others (11 kinds of herbal extracts) showed no effects on the growth of HeLa cells at the range of concentrations used here (maximum; 1000 mg/ml). Based on these results, the IC 50 values of herbal extracts in HeLa cells were estimated. The IC 50 values for Scutellariae Radix and Coptidis Rhizoma were less than 100 mg/ml, and those for the other 6 kinds of herbal extracts were more than 100 mg/ml ( Table 1) .
Effects of Herbal Extracts on the Sensitivity to Paclitaxel or 5-Fluorouracil of HeLa Cells The sensitivity to paclitaxel, a substrate for MDR1, of HeLa cells was significantly enhanced by the concomitant of Rhei Rhizoma, Scutellariae Radix, Poria, Zizyphi Fructus, Zingiberis Rhizoma (dry) and Asiasari Radix at more than 10 mg/ml. Also, 50 mg/ml of Coptidis Rhizoma and Ephedrae Herba significantly increased the sensitivity of HeLa cells to paclitaxel. In the case of Zingiberis Rhizoma and Sophorae Radix, their concomitant at 10 mg/ml significantly increased the paclitaxel sensitivity, but their effects disappeared after the concomitant addition of herbal extracts at 50 mg/ml. Further, 50 mg/ml Glycyrrhizae Radix significantly enhanced the paclitaxel sensitivity of HeLa cells, whereas at 1 mg/ml it was decreased. On the other hand, the paclitaxel sensitivity of HeLa cells was significantly decreased by the concomitant of Rehmanniae Radix and Gardeniae Fructus at 10 and 1 mg/ml, respectively, but no change was shown at other concentrations ( Table 2) .
The sensitivity of HeLa cells to 5-fluorouracil, which is a non-substrate for MDR1, was unchanged by the concomitant of any herbal extracts at 10 mg/ml, and moreover, 50 mg/ml of herbal extracts showed no effects ( Table 3) .
Effects of Herbal Extracts on Rhodamine123 Uptake in HeLa Cells
The Rhodamine123 uptake in HeLa cells was significantly increased by the concomitant of Rhei Rhizoma, Poria, Ephedrae Herba and Artemisiae Capillaris Flos. On the other hand, 10 mg/ml of Glycyrrhizae Radix significantly decreased the Rhodamine123 uptake of HeLa cells, whereas no remarkable changes were obtained by the concomitant of 50 and 100 mg/ml of Glycyrrhizae Radix (Fig. 2) .
DISCUSSION
Herein, the effects of 19 kinds of herbal extracts on the sensitivity to anticancer drugs and the transport function of MDR1 in tumor cells were investigated using the human cervical carcinoma cell line HeLa.
First, the effects of herbal extracts alone on the growth of HeLa cells were examined (Fig. 1, Table 1 ). Eight kinds of herbal extracts, i.e., Glycyrrhizae Radix, Scutellariae Radix, Zingiberis Rhizoma (dry), Zanthoxyli Fructus, Coptidis Rhizoma, Rehmanniae Radix, Ephedrae Herba and Artemisiae Capillaris Flos suppressed the growth of HeLa cells concentration dependently, and the remainder did not. Each IC 50 value of the herbal extracts obtained here was more than ca. 60 mg/ml (Table 1) . It remains unclear whether this concentration range is high, because little investigation has been carried out using herbal extracts. [13] [14] [15] [16] However, the concentration range used was not considered to be achievable in in vivo. Therefore, these findings indicated the impossibility of obtaining sufficient anti-tumor effects by ingestion of herbal extracts alone.
Next, we examined the effects of herbal extracts on the sensitivity to anticancer drugs in tumor cells (Tables 2, 3 ). At 50 mg/ml, nine kinds of herbal extracts, i.e., Glycyrrhizae Radix, Rhei Rhizoma, Scutellariae Radix, Poria, Zizyphi Fructus, Zingiberis Rhizoma (dry), Coptidis Rhizoma, Ephedrae Herba and Asiasari Radix significantly enhanced the sensitivity to paclitaxel, which is a MDR1 substrate, of HeLa cells. On the other hand, all herbal extracts used here did not affect the sensitivity to 5-fluorouracil, which is not a MDR1 substrate. Therefore, some herbal extracts were found to only enhance the sensitivity to paclitaxel but not 5-fluorouracil of tumor cells, suggesting the participation of MDR1 inhibition to the enhancement of paclitaxel sensitivity. However, the detail remains unknown, because these herbs do not The IC 50 values were estimated from the results in Fig. 1 . Each value represents the meanϮS.E. (nϭ4).
share similarities in their major components.
Therefore, the change in the paclitaxel sensitivity by herbal extracts was examined from the viewpoint of transport function of MDR1 (Fig. 2) . Rhodamine123 was used to evaluate the MDR1-mediated transport. 10, 11) Rhodamine123 uptake by HeLa cells was significantly increased by the presence of 3 of the 9 herbal extracts sensitized to paclitaxel, i.e., Rhei Rhizoma, Poria or Ephedrae Herba at 100 mg/ml, whereas 5 kinds of herbal extracts, Scutellariae Radix, Zizyphi Fructus, Zingiberis Rhizoma (dry), Coptidis Rhizoma and Asiasari Radix, but not Glycyrrhizae Radix, showed no remarkable effects. These findings suggested that the increase of paclitaxel sensitivity by Glycyrrhizae Radix, Rhei Rhizoma, Poria or Ephedrae Herba was caused, at least in part, by the inhibition of MDR1 function, and the change in paclitaxel sensitivity by other herbal extracts was not al- ways dependent on them. However, Rhei Rhizoma, Poria and Ephedrae Herba do not share similarities in their major components, and thus the substances responsible for the inhibition of MDR1 in the herbal extracts could not be identified. On the other hand, Scutellariae Radix, Zizyphi Fructus, Zingiberis Rhizoma (dry), Coptidis Rhizoma and Asiasari Radix were considered to enhance the paclitaxel sensitivity via some mechanism other than MDR1 inhibition. Glycyrrhizae Radix, at a low concentration of 1 mg/ml, decreased the sensitivity to paclitaxel and Rhodamine123 uptake, presumably by the acceleration of MDR1 function by Glycyrrhizae Radix. 17) The present findings suggest the existence of a modifying action of some herbal extracts on MDR1, and imply the possibility of reversing MDR1-mediated resistance. The detailed investigations using MDR1-overexpressing HeLa cells are ongoing in our laboratory, but the data have not been obtained yet.
On the other hand, the herbs are normally ingested orally, and thus the gastrointestinal tract is presumably a primary site of important interactions that may lead to significant biological effects. Kemper et al. have suggested that the inhibition of MDR1 in the intestine by MDR modulators might one part participate in the reduction in the clearance of paclitaxel in mice. 18, 19) In addition, van Zuylen et al. also indicated that the fecal excretion of unchanged docetaxel, which is one of the taxoids, decreased after the combination of docetaxel and MDR modulator, and suggested the inhibition of the intestinal MDR1 by MDR modulator. 20) Taking these information into consideration, some herbs may have an ability of preventing the intestinal secretion of the anticancer drugs, which is a MDR1 substrate, and this would provide an additional mechanism of protection against the gastrointestinal tract injury by the intestinal secretion of anticancer drugs.
In conclusion, some herbal extracts were found to enhance the paclitaxel sensitivity in HeLa cells, presumably via the inhibition of MDR1 function. Consequently, given our present findings, we propose that the combination of anticancer drugs with some herbal extracts contributes to the enhancement of clinical outcomes in cancer chemotherapy. Vol. 28, No. 1
Fig. 2. Effects of 19 Kinds of Herbal Extracts on Rodamine123 Uptake in HeLa Cells
HeLa cells (2ϫ10 5 cells) were cultured in 24-well multiplate for 48 h, and then cells were incubated with HBSS containing 10 mM Rhodamin123 in the absence or presence of herbal extracts for 60 min at 37°C. Each bar represents the meanϮS.E. (nϭ4 or 8).
* pϽ0.01 significantly different from control.
